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The T type gate is formed on a GaAs semiconductor substrate (10) 
The first photo resist film (20) is formed on the substrate. The ' 
first photo resist film is patterned and exposed using a mask (30) 
with an opaque domain (31) . The mask is moved along one side so 
that the domain which was blocked by the opaque domain is exposed 
By shifting the mask to another side the domain is exposed By the 
above referred method two domains (23) are exposed once. 

The exposed film is developed and the clearance for the T shaped 
gate is formed. A heat treatment is given to the substrate at this 
stage. The second photo resist pattern is formed and the horizontal 
portion of T shape is exposed using a suitable mask. The second 
photo resist pattern is developed and the metal layer is formed 
corresponding to horizontal portion. The remaining second photo 
resist is removed. 
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AB A method of fabricating a T-shape gate using double exposure includes 
the following steps. , (a) coating photoresist layer on a semi-insulating 
GaAs substrate, firstly exposing the photoresist layer using a photomask 
on which an opaque pattern is formed and optical stepper, moving the 
substrate by a predetd. distance and secondarily exposing the photoresist 
layer to form a fine unexposed region therein, (b) developing the 
unexposed portion of the photoresist layer to remove it, thereby forming a 
fine line width of the photoresist layer, (c) hardening the photoresist 
layer having the fine line width at a temp, of > 150°, to form a 
hardened photoresist layer, (d) coating photoresist on the hardened 
photoresist layer, the photoresist layer having a pattern wider than the 
fine line width, the photoresist pattern having inverse-image slope, and 
exposing and developing the photoresist layer using the optical stepper 
and photomask (e) cleaning the substrate and depositing metals thereon 
(0 lifting off the metal layer on the photoresist layer by dipping 
the substrate in a photoresist solvent and removing the hardened 
photoresist layer through dry etching process using O plasma, thereby 
forming a T-shape gate 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows the word which can not be translated. 

3 In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim I] The process for which the GaAs substrate of a half-insulation is prepared in the manufacture 
method of the gate of T form of using double exposure, The process which forms the field which 
performed primary exposure using the process which forms the 1 st photoresist film on the 
aforementioned substrate, and the photo mask which the opaque field possessed, and was not exposed 
the 1st time in the aforementioned 1st photoresist film, The second exposure is performed using the 
aforementioned photo mask moved for a while in consideration of the length of the gate of described 
[ above ] T type, the above - the field which was not exposed the 2nd time in the field which was not 
exposed the 1st time — forming - and the above - with the process which forms the field exposed once 
in the both sides of the field which was not exposed the 2nd time The photoresist film with a part for the 
crevice of T form developed by performing a development process patternized the 1st time is formed. 
The process formed when the amount of [ by which development was carried out / aforementioned / of T 
form ] crevice removes one portion of the field exposed once [ aforementioned / field / which was not 
exposed the 2nd time / and aforementioned ], the process which performs a heat treatment process, and 
the above - the photoresist film patternized the 2nd time on the photoresist film patternized the 1st time 
- applying -- the above - with the process in which the photoresist film patternized the 2nd time has 
opening which can be extended in the direction of [ lower ] the above - the process which applies a 
metal layer on the photoresist film patternized the 2nd time and the front face where the aforementioned 
substrate was exposed, and the above — the manufacture method of the gate of T form characterized by 
including the process which removes the photoresist patternized the 2nd time 

[Claim 2] the above — the manufacture method of the gate of T form according to claim I characterized 
by removing the photoresist film patternized the 2nd time with an acetone solution 
[Claim 3] the above - after removal of the photoresist film patternized the 2nd time - the above ~ the 
manufacture method of the gate of T form according to claim 1 characterized by adding the process 
which removes the photoresist film patternized the 1st time 

[Claim 4] the above — the manufacture method of the gate of T form according to claim 2 characterized 
by removing the photoresist film patternized the 1st time by the dry etching method of using oxygen 
plasma 


[Translation done ] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s h ows t he word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method which forms the gate of T form 
using the pattern of the photoresist of the detailed configuration by the double exposure method. 
[0002] Forming the line breadth with a detailed electrode etc. in manufacture of a semiconductor device 
acts as most important element in the improvement in a performance of an element, improvement in a 
degree of integration, etc., and it is effective because of reduction of the resistance. [ of especially the 
thing for which the gate of T form is formed as a gate electrode with detailed line breadth ] 
[0003] 

[Description of the Prior Art] Generally, since the property of MESFET (MES FET) of GaAs is sharply 
influenced by the length of the gate, various kinds of manufacture methods for decreasing the length of 
the gate are used. 

[0004] When the optical stepper was used from such a manufacture method, the manufacture with the 
length of the gate below a micrometer of MESFET was not possible, and in order to conquer this, 
various kinds of methods were used. 

[0005] There is a method of conquering the limitation of application of the conventional optical stepper 
by an improvement of the performance of a stepper optical as such a method or the increase in efficiency 
of a process or the account type method (direct writing method ) of direct of having used the electron ray 
Although the excimer laser (Excimer laser) etc. is used as the light source in the aforementioned optical 
stepper, the photoresist film formed on the substrate at the process of a semiconductor using such laser is 
exposed and developed, and the pattern of a predetermined configuration is formed. 
[0006] At this time, when making the field exposed into the smallest possible field, a detailed 
configuration can be acquired. The detailed grade of such a pattern is influenced by the wavelength of 
the light source and the property of a lens which are used from the aforementioned stepper. 
[0007] general — the above — an optical stepper's light source uses the light of short wavelength like 
365nm or 436nm, and the lens in which a lens has about 1 .4 numerical aperture is used as a focusing 
lens of a beam In order to form a detailed pattern, the method of using the optical stepper who generally 
uses with UV light source and has 0.6-0.7-micrometer resolution, the method using the layer to which 
contrast is made to increase, the method of using a multilayer photoresist, the method of phase 
transition, etc. are applicable. 

[0008] The method which used the multilayer photoresist in it is typically used for formation of a 
detailed pattern. When using the formation method of a detailed pattern of having used X-ray and the E 
beam as the light source as the method of an except, formation of a pattern 0. 1 micrometers or less is 
also possible. The formation method of these patterns of various kinds of is also applicable to formation 
of the gate of T form. 

[0009] The general formation method of the gate of T form includes the stage which forms the pattern of 
the new gate, after filling with an insulator layer etc. the formation stage of the emergency-gate, too 
much chemical engraving stage of the emergency-gate, and this field that it etched too much The 
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formation method of the gate of other T forms includes the process which carries out flattening by the 
photoresist film or the insulator layer on it, and the process which is made to expose the gate by ion 
milling etc. and carries out the vacuum evaporationo of the upper metal membrane here, after forming 
the detailed gate. 

[0010] After exposing and developing the multilayer resist from which the sensitivity of exposure 
moreover differs by the electron ray or light, there is also the method of carrying out the vacuum 
evaporationo of the metal of T form, and forming a pattern continuously on it. Although these methods 
had some difference points of **** in resolution or the size of the gate which can be manufactured, 
respectively, when all were used as the formation method of a detailed pattern, the performance of an 
element improved sharply. 
[0011] 

[Problem(s) to be Solved by the Invention] However, the manufacturing process of the aforementioned 
method is complicated, and it has an inefficient trouble also in the rate of processing. 
[0012] Therefore, it was proposed in order that this invention might solve the above-mentioned trouble, 
and in order to simplify extremely the complexity of the process which various kinds of aforementioned 
methods have, the purpose is in offering the manufacture method of the gate of T form by an optical 
stepper's continuous double exposure. 

[0013] Other purposes of this invention raise properties, such as MESFET and HEMT, again using the 
gate of T form which decreased length, and it is in enabling manufacture of ultra high-speed and a low 
noise element by it. 
[0014] 

[Means for Solving the Problem] this invention with the aforementioned purpose uses as a lower layer 
photoresist film the aforementioned photoresist film with which the detailed pattern was formed after 
exposing the photoresist film to various kinds of methods and the difference which were proposed by the 
former doubly using the conventional optical stepper and forming the detailed pattern in them, and has 
the feature which can apply a metal membrane and can form the gate of T form after forming the upper 
photoresist film on this lower layer photoresist film. 

[001 5] Contrast of the edge of a pattern to light becomes large, when the pattern exposed when exposing 
by the aforementioned stepper is large, formation of a configuration is easy, the pattern of a photoresist 
expresses the pattern of an acute edge after development, and the degree of margin of formation of a 
pattern is wide range. 

[00 1 6] Thus, since the field which was not exposed will be appointed by the size of the configuration of 
the opaque pattern of a mask, and the travel ( namely, travel of a substrate) of a mask if the position of a 
substrate is moved and it exposes further after exposing the photoresist in which a configuration has a 
big pattern using the aforementioned stepper, a very detailed pattern can be formed. 
[0017] According to one feature of this invention for attaining the aforementioned purpose, concretely 
the manufacture method of the gate of T form of using double exposure The process for which the GaAs 
substrate of a half-insulation is prepared, and the process which forms the 1st photoresist film on the 
aforementioned substrate, The process which forms the field which performed primary exposure using 
the photo mask which the opaque field possessed, and was not exposed the 1 st time in the 
aforementioned 1st photoresist film, The 2nd exposure is performed using the aforementioned photo 
mask by which **** movement was carried out for a while in consideration of the length of the gate of 
described [ above ] T type, the above — the field which was not exposed the 2nd time in the field which 
was not exposed the 1 st time - forming - and the above - with the process which forms the field 
exposed once in the both sides of the field which was not exposed the 2nd time The photoresist film 
with a part for the crevice of T form developed by performing a development process patterni/ed the 1 st 
time is formed. The process formed when the amount of [ by which development was carried out / 
aforementioned / of T form ] crevice removes one portion of the field exposed once [ aforementioned / 
field / which was not exposed the 2nd time / and aforementioned ], the process which performs the 
process of heat treatment, and the above - the photoresist film patternized the 2nd time on the 
photoresist film patternized the 1st time - applying - the above - with the process in which the 


http://www4.ipdl.jpo.go.jp/cgi-bin/tran web cgi ejje 


5/8/03 


Page 3 of 4 


photoresist film patternized the 2nd time has opening which can be extended in the direction off lower ] 
the above - the photoresist film top patternized the 2nd time - and the process which applies a metal 
layer on the front face where the aforementioned substrate was exposed and the above ~ the process 
which removes the photoresist patternized the 2nd time is included 

[0018] the above in this method — the photoresist film patternized the 2nd time is removed by the 
acetone solution the above in this method - after removal of the photoresist film patternized the 2nd 
time ~ the above — the process which removes the photoresist film patternized the 1st time is added the 
above in this method — the photoresist film patternized the 1st time is removed by the dry etching 
method of using oxygen plasma 

[0019] Although the photoresist film exposes the aforementioned method when a photoresist film is 
exposed, it is the technology using the property of the photoresist that the states where a photoresist film 
is developed with a developer by the grade exposed at this time differ greatly. That is, since the speed 
developed with light exposure differs, when there is a part from which the amount exposed by the 
photoresist film differs, the gestalt of the photoresist film which remained according to the development 
grade can be made arbitrary. 

[0020] Since a photoresist film is classified and developed to three steps of exposure fields by this 
invention's exposing the photoresist film on a substrate in primary, and moving the position of a 
substrate and exposing further, it is made to carry out possible [ of the formation of the gate of T form of 
a detailed pattern ]. 
[0021] 

[Example] In order to attain the aforementioned purpose, based on drawing 1 of appending of the 
example of this invention - draw[ng_6 , it explains in detail. 

[0022] Dr aw ing 1 or drawing 6 is a cross section illustrating the method of forming the gate of T form 
by one operation of this invention. First, drawing 1 is a cross section which is illustrating the exposure 
process of an eye most on the photoresist film applied on the substrate. 

[0023] After arranging the photo mask (30) in drawing 1 which applies a photoresist film (20) on the 
GaAs substrate (10) of a half-insulation, and has an opaque field (31) in the upper part, it is illustrating 
exposing the field of the gate by exposure of ultraviolet rays (32). 

[0024] Drawing 2 is a cross section which carries out double exposure by movement (or movement of a 
photo mask) of the aforementioned substrate (10), and is illustrating the new exposure field of the 
aforementioned photoresist film (20). After the exposure process of the illustration to aforementioned 
drawing, 1 , if the aforementioned photo mask is re-degree-exposed where a predetermined distance is 
moved The field (21) where illustration was not exposed by drawing J like drawing 2 is classified as the 
field (22) which was not exposed again and a field (23) exposed once, and the other field is a field (24) 
by which two-times exposure was carried out. 

[0025] Although the thickness from which a photoresist film is removed at the time of the development 
of a photoresist film (2) by which exposure was carried out [ aforementioned ] changes with the 
properties of the photo mask for a while, a photoresist film is not completely developed as exposure 
energy is insufficient. 

[0026] Drawing 3 is a cross section illustrating the patternized photoresist film (20a) which was formed 
of development after exposure. The configuration of the photoresist which remains when the field (22, 
23, 24) classified into the aforementioned three is developed by the predetermined development method 
Like drawing_3 , the developed photoresist film (20a) is formed in drawing 1 as a configuration with 
width of face more detailed than the detailed line breadth by which illustration was not exposed 
[0027] The size of the pattern formed in the patternized photoresist film (20a) which was formed by 
such method is determined by the distance of movement of the aforementioned substrate (10) mov ed in 
order to carry out secondary exposure, or the aforementioned photo mask (30). Formation of the pattern 
of a very detailed size is possible by a more nearly predetermined distance's moving a substrate or a 
mask in consideration of the size of the pattern w hich it is actually going to form from the size of a 
pattern at the time of secondary exposure, and exposing 

[0028] The size of the pattern which can be formed here is not mainly defined by movement of a 
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position at the time of secondary exposure, and is not defined with optical elements, such as wavelength 
of the light source. 

[0029] Therefore, it depends on the accuracy of movement of the position of a substrate ( 1 0) or a photo 
mask (30) for the detailed pattern formed of this invention. 

[0030] The configuration of the photoresist film (20a) formed as mentioned above consists of the field 
of the detailed gate which is opening, a field with which the thin thickness of the circumference was 
covered, and a thick field. 

[003 1 ] The structure with which the pattern (20a) of such a photoresist film was formed is heat-treated 
from the temperature of 1 50 degrees C or more The process of this heat treatment is performed in order 
not to damage a detailed pattern at the time of the upper photoresist application. 

[0032] Thus, after heat-treating, on it, a photoresist film is applied and the photoresistor film (40) of the 
upper layer of a predetermined pattern is formed. This photoresist pattern (40) is separable with a lower 
layer photoresist pattern (20a). 

[0033] Drawing 4 is illustrating that the photoresist pattern (40) of the upper layer patternized on the 
structure of drawing 3 was formed. That is, if the photoresist layer (10) of the upper layer by which the 
application was carried out [ aforementioned ] using the mask is exposed and developed after applying 
the upper photoresist film (10) on the aforementioned structure, the photoresist of the patternized upper 
layer like drawing 4 will be formed. Since the pattern of the upper photoresist has the inclination of an 
antiphase at this time (i.e., since it has the configuration which can be extended in the depth direction), 
the lift off by the vacuum evaporationo of metaled directivity can be performed. The upper photoresist 
pattern can be formed in the size of the field of the gate, and non-Seki by doing in this way. 
[0034] The metal (1 1) of the gate of T form by metaled (50) vacuum evaporationo can be formed in 
drawing 5 like illustration from such a state. After the vacuum evaporationo of the aforementioned gate 
metal (50), the process of removal of the upper photoresist film (40) is performed. That is, the metal 
which the photoresist film (20a) of the aforementioned upper layer was easily dissolved in the acetone 
which is a predetermined organic solvent, and was formed on it is also removed. However, the 
photoresist pattern (20a) with which the lower layer deteriorated is not easily dissolved by the case. 
[0035] The dry etching which used oxygen plasma when [ which could be applied to the element as it is, 
and removed the aforementioned photoresist pattern (20a) ] it fixed removes such a photoresist pattern 
(20a) like illustration to drawing 6 , and the gate (51) of T form is formed 
[0036] 

[Effect of the Invention] Thus, the configuration of the formed gate of T form has the following 
advantages from the conventional method. First, formation of a pattern more detailed than a stepper's 
resolution in formation of a detailed configuration applied is possible. Since T-configuration can next be 
made repeatedly [ of the process of lithography ], it can form the configuration of the gate of T form 
efficiently by reduction of the stage of a process. The proposed method can be applied to manufacture of 
the element which needs formation of the gate of T form, i.e., MESFET, FTEMT, etc., and can aim at 
improvement in a property. 
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TECHNICAL FIELD 


[Industrial Application] this invention relates to the manufacture method which forms the gate of T form 
using the pattern of the photoresist of the detailed configuration by the double exposure method. 
[0002] Forming the line breadth with a detailed electrode etc. in manufacture of a semiconductor device 
acts as most important element in the improvement in a performance of an element, improvement in a 
degree of integration, etc., and it is effective because of reduction of the resistance. [ of especially the 
thing for which the gate of T form is formed as agate electrode with detailed line breadth ] 
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PRIOR ART 


[Description of the Prior Art] Generally, since the property of MESFET (MES FET) of GaAs is sharply 
influenced by the length of the gate, various kinds of manufacture methods for decreasing the length of 
the gate are used. 

[0004] When the optical stepper was used from such a manufacture method, the manufacture with the 
length of the gate below a micrometer of MESFET was not possible, and in order to conquer this, 
various kinds of methods were used. 

[0005] There is a method of conquering the limitation of application of the conventional optical stepper 
by an improvement of the performance of a stepper optical as such a method or the increase in efficiency 
of a process or the account type method (direct writing method) of direct of having used the electron ray. 
Although the excimer laser (Excimer laser) etc. is used as the light source in the aforementioned optical 
stepper, the photoresist film formed on the substrate at the process of a semiconductor using such laser is 
exposed and developed, and the pattern of a predetermined configuration is formed. 
[0006] At this time, when making the field exposed into the smallest possible field, a detailed 
configuration can be acquired. The detailed grade of such a pattern is influenced by the wavelength of 
the light source and the property of a lens which are used from the aforementioned stepper. 
[0007] general — the above ~ an optical stepper's light source uses the light of short wavelength like 
365nm or 436nm, and the lens in which a lens has about 1 .4 numerical aperture is used as a focusing 
lens of a beam In order to form a detailed pattern, the method of using the optical stepper who generally 
uses with UV light source and has 0.6-0. 7 -micrometer resolution, the method using the layer to which 
contrast is made to increase, the method of using a multilayer photoresist, the method of phase 
transition, etc. are applicable. 

[0008] The method which used the multilayer photoresist in it is typically used for formation of a 
detailed pattern. When using the formation method of a detailed pattern of having used X-ray and the E 
beam as the light source as the method of an except, formation of a pattern 0 1 micrometers or less is 
also possible. The formation method of these patterns of various kinds of is also applicable to formation 
of the gate of T form. 

[0009] The general formation method of the gate of T form includes the stage which forms the pattern of 
the new gate, after filling with an insulator layer etc. the formation stage of the emergency -gate, too 
much chemical engraving stage of the emergency-gate, and this field that it etched too much The 
formation method of the gate of other T forms includes the process which carries out flattening by the 
photoresist film or the insulator layer on it, and the process which is made to expose the gate by ion 
milling etc. and carries out the vacuum evaporationo of the upper metal membrane here, after forming 
the detailed gate. 

[0010] After exposing and developing the multilayer resist from which the sensitivity of exposure 
moreover differs by the electron ray or light, there is also the method of carrying out the vacuum 
evaporationo of the metal of T form, and forming a pattern continuously on it. Although these methods 
had some difference points of **** in resolution or the size of the gate which can be manufactured, 
respectively, when all were used as the formation method of a detailed pattern, the performance of an 
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EFFECT OF THE INVENTION 


[Effect of the Invention] Thus, the configuration of the formed gate of T form has the following 
advantages from the conventional method. First, formation of a pattern more detailed than a stepper's 
resolution in formation of a detailed configuration applied is possible. Since T-configuration can next be 
made repeatedly [ of the process of lithography ], it can form the configuration of the gate of T form 
efficiently by reduction of the stage of a process The proposed method can be applied to manufacture of 
the element which needs formation of the gate of T form, i .e., MESFET, HEMT, etc., and can aim at 
improvement in a property. 
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TECHNICAL PROBLEM 


[Problem(s) to be Solved by the Invention] However, the manufacturing process of the aforementioned 
method is complicated, and it has an inefficient trouble also in the rate of processing. 
[0012] Therefore, it was proposed in order that this invention might solve the above-mentioned trouble, 
and in order to simplify extremely the complexity of the process which various kinds of aforementioned 
methods have, the purpose is in offering the manufacture method of the gate of T form by an optical 
stepper's continuous double exposure. 

[0013] Other purposes of this invention raise properties, such as MESFET and HEMT, again using the 
gate of T form which decreased length, and it is in enabling manufacture of ultra high-speed and a low 
noise element by it. 
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MEANS 


[Means for Solving the Problem] this invention with the aforementioned purpose uses as a lower layer 
photoresist film the aforementioned photoresist film with which the detailed pattern was formed after 
exposing the photoresist film to various kinds of methods and the difference which were proposed by the 
former doubly using the conventional optical stepper and forming the detailed pattern in them, and has 
the feature which can apply a metal membrane and can form the gate of T form after forming the upper 
photoresist film on this lower layer photoresist film. 

[0015] Contrast of the edge of a pattern to light becomes large, when the pattern exposed when exposing 
by the aforementioned stepper is large, formation of a configuration is easy, the pattern of a photoresist 
expresses the pattern of an acute edge after development, and the degree of margin of formation of a 
pattern is wide range. 

[0016] Thus, since the field which was not exposed will be appointed by the size of the configuration of 
the opaque pattern of a mask, and the travel (namely, travel of a substrate) of a mask if the position of a 
substrate is moved and it exposes further after exposing the photoresist in which a configuration has a 
big pattern using the aforementioned stepper, a very detailed pattern can be formed. 
[0017] According to one feature of this invention for attaining the aforementioned purpose, concretely 
the manufacture method of the gate of T form of using double exposure The process for which the GaAs 
substrate of a half-insulation is prepared, and the process which forms the 1st photoresist film on the 
aforementioned substrate. The process which forms the field which performed primary exposure using 
the photo mask which the opaque field possessed, and was not exposed the 1st time in the 
aforementioned 1st photoresist film, The 2nd exposure is performed using the aforementioned photo 
mask by which **** movement was carried out for a while in consideration of the length of the gate of 
described [ above ] T type, the above — the field which was not exposed the 2nd time in the field which 
was not exposed the 1st time — forming — and the above ~ with the process which forms the field 
exposed once in the both sides of the field which was not exposed the 2nd time The photoresist film 
with a part for the crevice of T form developed by performing a development process patternized the 1 st 
time is formed. The process formed when the amount of [ by which development was carried out / 
aforementioned / of T form ] crevice removes one portion of the field exposed once [ aforementioned / 
field / which was not exposed the 2nd time / and aforementioned ], the process which performs the 
process of heat treatment, and the above - the photoresist film patternized the 2nd time on the 
photoresist film patternized the 1st time — applying — the above ~ with the process in which the 
photoresist film patternized the 2nd time has opening which can be extended in the direction of [ lower ] 
the above - the photoresist film top patternized the 2nd time — and the process which applies a metal 
layer on the front face where the aforementioned substrate was exposed and the above - the process 
which removes the photoresist patternized the 2nd time is included 

[0018] the above in this method - the photoresist film patternized the 2nd time is removed by the 
acetone solution the above in this method -- after removal of the photoresist film patternized the 2nd 
time — the above — the process which removes the photoresist film patternized the 1 st time is added the 
above in this method — the photoresist film patternized the 1st time is removed by the dry etching 
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method of using oxygen plasma 

[0019] Although the photoresist film exposes the aforementioned method when a photoresist film is 
exposed, it is the technology using the property of the photoresist that the states where a photoresist film 
is developed with a developer by the grade exposed at this time differ greatly. That is, since the speed 
developed with light exposure differs, when there is a part from which the amount exposed by the 
photoresist film differs, the gestalt of the photoresist film which remained according to the development 
grade can be made arbitrary. 

[0020] Since a photoresist film is classified and developed to three steps of exposure fields bv this 
invention's exposing the photoresist film on a substrate in primary, and moving the position of a 
substrate and exposing further, it is made to carry out possible [ of the formation of the gate of T form of 
a detailed pattern ]. 
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EXAMPLE 


[Example] In order to attain the aforementioned purpose, based on drawing 1 of appending of the 
example of this invention - drawing, 6 , it explains in detail. 

[0022] Drawing 1 or drawing 6 is a cross section illustrating the method of forming the gate of T form 
by one operation of this invention First, drawing 1 is a cross section which is illustrating the exposure 
process of an eye most on the photoresist film applied on the substrate. 

[0023] After arranging the photo mask (30) in drawing 1 which applies a photoresist film (20) on the 
GaAs substrate (10) of a half-insulation, and has an opaque field (31) in the upper part, it is illustrating 
exposing the field of the gate by exposure of ultraviolet rays (32). 

[0024] Drawing 2 is a cross section which carries out double exposure by movement (or movement of a 
photo mask) of the aforementioned substrate (10), and is illustrating the new exposure field of the 
aforementioned photoresist film (20 ) After the exposure process of the illustration to aforementioned 
drawing J , if the aforementioned photo mask is re-degree-exposed where a predetermined distance is 
moved The field (21) where illustration was not exposed by drawing 1 like drawing 2 is classified as the 
field (22) which was not exposed again and a field (23) exposed once, and the other field is a field (24) 
by which two-times exposure was carried out. 

[0025] Although the thickness from which a photoresist film is removed at the time of the development 
of a photoresist film (2) by which exposure was carried out [ aforementioned ] changes with the 
properties of the photo mask for a while, a photoresist film is not completely developed as exposure 
energy is insufficient. 

[0026] Drawing 3 is a cross section illustrating the patternized photoresist film (20a) which was formed 
of development after exposure. The configuration of the photoresist which remains when the field (22, 
23. 24) classified into the aforementioned three is developed by the predetermined development method 
Like dr awin g 3 , the developed photoresist film (20a) is formed in drawing 1 as a configuration with 
width of face more detailed than the detailed line breadth by which illustration was not exposed 
[0027] The size of the pattern formed in the patternized photoresist film (20a) which was formed by 
such method is determined by the distance of movement of the aforementioned substrate (10) moved in 
order to carry out secondary exposure, or the aforementioned photo mask (30). Formation of the pattern 
of a very detailed size is possible by a more nearly predetermined distance's moving a substrate or a 
mask in consideration of the size of the pattern which it is actually going to form from the size of a 
pattern at the time of secondary exposure, and exposing. 

[0028] The size of the pattern which can be formed here is not mainly defined by movement of a 
position at the time of secondary exposure, and is not defined with optical elements, such as wavelength 
of the light source. 

[0029] Therefore, it depends on the accuracy of movement of the position of a substrate (10) or a photo 
mask (30) for the detailed pattern formed of this invention 

[0030] The configuration of the photoresist film (20a ) formed as mentioned above consists of the field 
of the detailed gate which is opening, a field with which the thin thickness of the circumference was 
covered, and a thick field. 
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[003 1] The structure with which the pattern (20a) of such a photoresist film was formed is heat-treated 
from the temperature of 1 50 degrees C or more. The process of this heat treatment is performed in order 
not to damage a detailed pattern at the time of the upper photoresist application. 

[0032] Thus, after heat-treating, on it, a photoresist film is applied and the photoresistor film (40) of the 
upper layer of a predetermined pattern is formed. This photoresist pattern (40) is separable with a lower 
layer photoresist pattern (20a). 

[0033] Drawing 4 is illustrating that the photoresist pattern (40) of the upper layer patternized on the 
structure of drawing 3 was formed. That is, if the photoresist layer (10) of the upper layer by which the 
application was carried out [ aforementioned ] using the mask is exposed and developed after applying 
the upper photoresist film (10) on the aforementioned structure, the photoresist of the patternized upper 
layer like drawing 4 will be formed. Since the pattern of the upper photoresist has the inclination of an 
antiphase at this time (i.e., since it has the configuration which can be extended in the depth direction), 
the lift off by the vacuum evaporationo of metaled directivity can be performed. The upper photoresist 
pattern can be formed in the size of the field of the gate, and non-Seki by doing in this way. 
[0034] The metal (1 1) of the gate of T form by metaled (50) vacuum evaporationo can be formed in 
drawing 5_ like illustration from such a state. After the vacuum evaporationo of the aforementioned gate 
metal (50), the process of removal of the upper photoresist film (40) is performed. That is, the metal 
which the photoresist film (20a) of the aforementioned upper layer was easily dissolved in the acetone 
which is a predetermined organic solvent, and was formed on it is also removed. However, the 
photoresist pattern (20a) with which the lower layer deteriorated is not easily dissolved by the case. 
[0035] The dry etching which used oxygen plasma when [ which could be applied to the element as it is, 
and removed the aforementioned photoresist pattern (20a) ] it fixed removes such a photoresist pattern 
(20a) like illustration to drawing, 6 , and the gate (51) of T form is formed. 


[Translation done ] 


http://www4.ipdl.jpo.go.jp/cgi-bin/tran web cgi ejje 


5/8/03 


Page 1 of I 


* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[D rawin g 1] It is a cross section illustrating the manufacturing process by this invention. 
[Drawing 2] It is a cross section illustrating the manufacturing process by this invention. 
[Drawing 3] It is a cross section illustrating the manufacturing process by this invention. 
[Dra win g 4] It is a cross section illustrating the manufacturing process by this invention. 
[Drawing 5J It is a cross section illustrating the manufacturing process by this invention. 
[Drawing 6] It is a cross section illustrating the manufacturing process by this invention. 
[Description of Notations] 
10 GaAs Substrate of Half-Insulation 
20 Photoresist Film 

20a The photoresist patternized the 1st time 

22 Field Which was not Exposed 

23 Field Exposed Once 

24 Field by Which Two-Times Exposure was Carried Out 
24 Detailed Line Breadth of Developed Photoresist Film 

30 Mask 

3 1 Opaque Field 

32 Exposure of Ultraviolet Rays 

40 Photoresist Patternized 2nd Time 
5 1 Gate Metal of T Form 
50 Applied Metal Layer 
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